Factors Affecting the Diffusion of Drugs from Vehicles to the Skin Surface1  by Shelmire, J.B.
FACTORS AFFECTING THE DIFFUSION OF DRUGS FROM
VEHICLES TO THE SKIN SURIACE*
J. B. SHELMIRE, JR., M.D.
The primary requirement for topical therapy is that the drug incorporated
into a vehicle must reach the skin surface at an adequate rate. This remains
true whether penetration or superficial action is desired. Vehicles do not pene-
trate the skin to any extent, but there may be a marked difference in the clini-
cal effectiveness of a drug when using different vehicles. The diffusion of drugs
from vehicle to skin surface is a necessary starting point for local dermato-
logic therapy.
The purpose of this paper is to re-define the skin-vehicle relationship, and ex-
amine the effect this has on the rate of diffusion of incorporated substances of
different solubility characteristics.
VEHICLES AND THEIR RELATION TO THE SKIN SURFACE
For the purposes of this study, vehicles have been divided into the following
categories: (1) oil-in-water emulsion, (2) aqueous, (3) water-in-oil emulsion,
(4) grease or oil, and (5) non-volatile water miscible.
These vehicles will be briefly defined, noting their effect when applied to a
normal skin surface. This effect is primarily one of change in hydration at the
skin-vehicle interface. Only aspects of the subject important to this study will
be reviewed, since the subject has been extensively covered elsewhere (1, 2).
Vehicles which chemically alter the skin surface have been excluded from this
study.
Oil-in-water emulsions deposit a hydrophilic oil film on the skin surface after
evaporation of their volatile external phase. This oil will re-disperse in water
with relative ease and the film is permeable to water vapor. The type of emul-
sion, whether oil-in-water or water-in-oil, depends primarily on the emulsifier
system. An oil that is easily dispersable in water should be classified as an oil-
in-water emulsion, whether or not it originally contains any water. Although
this point has been stressed by previous authors, there are still instances of er-
roneous classification of these vehicles. Sebum appears to he relatively hydro-
philic, as it has been shown to spontaneously disperse in sweat (3). The phys-
ical effects of oil-in-water emulsions on the skin surface have been covered in a
previous publication (4). They may he formulated so that they form a semi-
permeable oil film. This will maintain hydration of callus tissue in vitro for an
appreciable period, without being occlusive. This hydration is certainly increased
in vivo, where perspiration is continually arriving at the skin-vehicle interface.
Aqueous vehicles are for the most part volatile. Although they initially mois-
ten the skin surface, they do not retain sw-eat. Any drug or incorporated non-
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volatile phase is deposited on a "dry" skin surface in a relatively short time.
Those oil-in-water emulsions which retard evaporation very little are indistin-
guishable from the aqueous vehicles.
The water-in-oil emulsions ale relatively occlusive oil films. They are little
affected by atmospheric conditions and exchange water vapor slowly. As a
group, they are the least miscible with sweat. Consequently, they produce the
greatest accumulation of sweat at the skin-vehicle interface, and the greatest
hydration of the skin surface. The grease or oil vehicles differ from water-in-oil
emulsions only in the exaggeration of this occlusive character and immiscibility
with sweat.
The non-volatile water miscible vehicles are freely miscible with sweat. Many
of this group are hygroscopic. However, they will not soften desiccated callus
tissue. Since they do not retard the evaporation of sweat, they maintain the
least hydration of the skin-vehicle interface. This is especially true under con-
ditions of low relative humidity.
DELIVERY OF I NCORPOEATEI) SUBSTANCES
The following observations were made on the normal skin of a sedentary sub-
ject at a constant room temperature of 78° and a relative humidity of 50%
(±5%). Under these conditions, there is no visible sweating and water evap-
orates rapidly from the skin surface.
Into six different vehicles of ointment-like consistency were incorporated
tracer substances which stain the skin or give a colorimetrie reaction. The rela-
tive intensity of color after a fixed period of time determines the rate at which
the tracer diffuses from the vehicle to the skin surface. The site of application
was the flexor surface of the forearm. All vehicles, with the tracers incorporated,
were left in place for two hours. At the end of this time, all test areas were sub-
jected to a vigorous soap and water washing to remove all of the vehicle. The
relative amounts of tracer substance delivered were then determined.
The vehicles used were: (1) Carhowax 1500 (Union Carbide and Carbon), a
non-volative water miscible base; (2) high viscosity earhoxymethylcellulose, an
aqueous base; (3) Velvachol (Texas Pharmacal) an oil-in-water emulsion; (4)
Polysorb Hydrate (Fougera), a water-in-oil emulsion; (5) hydrous lanolin, a
water-in-oil emulsion; and (6) Aquaphor (Duke), an anhydrous "absorption"
type base, which will form a water-in-oil emulsion.
Acid juschsin. This dye is soluble in water, moderately soluble in alcohol,
and stains the skin a bright red color. It was incorporated into the bases in a
concentration of 0.5%. The most intense staining obtained was with the oil-in-
water emulsion and (1UOUS base. There was slight staining with Polysorh Hy-
drate, and no visible staining with the remaining bases.
This procedure was repeated, occluding half of the test area by a firmly ap-
plied cup. This retards evaporation and increases the vapor pressure at the skin-
vehicle interface in the case of those vehicles freely permeable to water vapor.
This results in an increase in staining with all but the water-in-oil emulsions.
The degree of change is most marked in the case of Carbowax 1500, and least
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with the oil-in-water emulsion. The color with Carbowax 1500, however, in-
creases only from nil to a light pink, whereas occlusion of the aqueous base or
oil-in-water emulsion causes the skin to be stained an intense red.
Sudan III. This dye is soluble in oils and moderately soluble in alcohol. II
stains the skin a salmon pink. It was incorporated into the above bases in a con-
centration of 0.5%. Carbowax 1500 is the only one with which the skin can be
stained appreciably. Occlusion, as described above, produces no change in any
of the test areas.
All of the above procedures with both acid fuschsin and Sudan III were re-
peated, after the skin had been prepared by washing with both acetone and
soap and water, which removes the surface lipids. The basic results were not
affected. However, there did seem to be a general decrease in staining intensity,
with an increase in pore pattern.
Vitamin A. This water-insoluble substance, dissolved in vegetable oil, was in-
corporated into Carbowax 1500, Polysorb Hydrate, lanolin and Aquaphor in a
concentration of 6000 units/gram. The bases were removed at the end of two
hours, and a drop of 25% antimony trichloiide in chloroform was applied to the
test site (Carr-Price). This reagent demonstrates the presence of vitamin A by
a rapidly fading blue color.
The most intense reaction was obtained with Carbowax 1500. Polysorb Hy-
drate gives a moderate reaction; with lanolin and Aquaphor the reaction was
very slight.
Salicylic Acid. A 5% concentration of this drug was incorporated into all the
test bases, with castor oil as an additional base, in which it is soluble at this con-
centration. It is also soluble iii Carbowax 1500 to the extent incorporated. Af-
ter removal at the end of two hours, efforts were made to obtain a colorimetric
reaction on the skin with dilute ferrie chloride solution, which gives a blue color
in the presence of salicylie acid. This reaction was so slight and inconsistent that
it was not considered significant.
However, an irritative reaction was obtained with Polysorh Hydrate and lan-
olin, consisting of erythema and slight vesiculation. Occlusion by a cup pro-
duced a similar reaction of less intensity with Velvachol and carboxymethyl-
celulose. The remaining preparations gave no reaction with either open or
occluded application. Attempts to produce a reaction with Carhowax 1500 after
removal of surface lipids were unsuccessful.
INTERPRETATiON OF RESULTS
(1) Diffusion of the Water Soluble Dye
The primary requirements for the delivery of the water soluble dye appeared
to he (1) hydration of the skin-vehicle interface, (2) release from the base.
The aqueous vehicle and oil-in-water emulsion freely release a water soluble
dye. The skin surface is hydrated immediately and the dye is already in solution
and in contact with the skin. Here the problem is one of a declining rate of dye
delivery as the aqueous phase of the vehicle evaporates. The relative humidity
and type of covering of the vehicle would he most important in determining
386 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
this. The oil-in-water emulsion forms a semi-permeable oil film. After evapora-
tion of excess aqueous phase, it probably reaches an equilibrium with the skin
surface, maintaining a constant vapor pressure at the skin-vehicle interface. An
anhydrous form of an oil-in-water emulsion would show a slower initial rate of
delivery than its hydrous counterpart, but would certainly reach the same equi-
librium. The factor of concentration of the drug or dye as the volatile phase
evaporated would not be present with an anhydrous oil-in-water emulsion (as
defined above).
The water-in-oil emulsions are constant in this hydrating effect, and release
of the water soluble dye into this aqueous medium then determines rate of de-
livery. Previous investigators (5) have found little difference between hydrous
and anhydrous forms of the same water-in-oil emulsion. Since the water soluble
dye would diffuse little in these vehicles, release must be through leaching or
partial emulsification of the base by sweat. Polysorb, the most hydrophilic of
the water-in-oil emulsions used, is the only vehicle of this group showing release
of the dye after two hours. The initial rate of delivery of the water-in-oil emul-
sions would necessarily he slow, since sweat must accumulate at. the interface
before there is any delivery of dye. These vehicles would certainly compare better
with the oil-in-water emulsions had the time of application been extended.
Carbowax 1500, although freely miscible with sweat, does not maintain hy-
dration of the skin surface. Hence, it produces little staining.
() Diffusion of the Oil Soluble Dye and Vitamin A
The factors making Carbowax 1500 a poor vehicle for the water-soluble dye
make it the best vehicle for the oil-soluble, water-insoluble dye. The changes in
vapor pressure, important in the delivery of the water-soluble dye, do not affect
the oil soluble dye, since occlusion by cup produced no change in delivery with
any of the water permeable bases. Carhowax 1500 would accumulate the least
sweat at the skin-vehicle interface, and thus would present less of an aqueous
barrier to the diffusion of dye from vehicle to skin surface.
The better delivery of Sudan III from Carbowax 1500 correlates well with the
better diffusion of oil-soluble Vitamin A from this vehicle.
(3) Irritative Reaction by Salicylic Acid
Although no conclusive colorirnetric reaction was obtained with salicylic acid,
it is interesting to compare the irritative reactions in different vehicles with that
reported elsewhere. Polario (5) applied salicylic acid in various vehicles, covering
the test areas with a patch. He obtained the most consistent reactions with ve-
hicles having an aqueous external phase. It would appear from the present study
that, when test sites are left uncovered, the most marked irritative reaction is
obtained with a water-in-oil emulsion. Apparently this reaction depends omi a de-
gree of hydration of the skin surface not possible with the uncovered water per-
meahie vehicles. The use of an occlusive patch explains Polano's better results
with water permeable vehicles. The cup used in the present study leaves an air
space over the ointment, film, making it less occlusive.
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The irritative reaction with salicylic acid is probably not directly proportional
to the rate of delivery of the drug to the skin surface. The results with this drug
therefore, are not directly comparable to those obtained with the dyes.
CONCLUSIONS
This study demonstrates two important factors determining the rate of diffu-
sion of a substance from vehicle to skin surface: (1) degree of hydration of the
skin or vapor pressure at the skin-vehicle interface; (2) miscibility of the vehicle
with skin secretions. Solubility in the vehicle and compatibility with the vehicle
are other factors of importance.
Hydration of the skin surface may depend on formulation, type of covering,
atmospheric conditions, and thermogenic sweating, which would vary with the
site of application.
The miscibility of the vehicle with sweat is important not only in its effect
on the hydration of the skin, but determines the rate of release of a drug from
the water-in-oil emulsions. Miscibility with the superficial skin lipids appears to
be of little importance, since their removal does not alter any basic results. This
is probably because the skin lipids are for the most part dispersed in sweat at
the skin-vehicle interface, and do riot exist as a continuous film.
Future comparative studies on vehicles should be done on viable skin, unless
compensation is made for the extremely important sweating factor. A recording
of atmospheric conditions and type of covering is necessary to standardiZe re-
sults.
SUMMA1IY
(1) A water soluble dye shows greatest diffusion to the skin surface from those
vehicles which are easily miscible with sweat and maintain an aqueous skin-
vehicle interface.
(2) An oil-soluble dye and Vitamin A diffuse best from a non-volatile water
miscible veincle, which maintains the least hydration of the skin-vehicle inter-
face.
(3) Salicylic acid causes the most pronounced irritative reaction in a water-
in-oil emulsion.
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